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ABSTRACT 
Comparative electron microscope investigations on sections of the lens cortex 
of  the normal,  mature  rat,  rabbit,  monkey,  and  the normal calf reveal similar 
patterns of intracellular organization. 
The superficial lens fiber contains a  nucleus,  mitochondria, endoplasmic retic- 
ulum,  dense granules,  Golgi complex,  and a  quantity of small structures of low 
opacity which appear as filamentous and spherical configurations. 
Variations in  number,  distribution,  and  spatial  arrangement  of  cytoplasmic 
elements in lens fibers are described. These changes in the pattern of cytoplasmic 
organization are concomitant with development of fibers and their displacement 
towards the center of the lens. Structural details of the various zones of the lens 
epithelium and the lens fibers are compared. 
INTRODUCTION 
This investigation on lenses of mature animals 
concerns  the  fine  structure  of  the  outer  cortical 
layers  and  particularly  the  zone  which  includes 
both  the  germinative  epithelium  and  the  young 
equatorial lens fibers.  In such a  study,  phases in 
the transformation of lens epithelial cells to fibers 
can be observed as well as the subsequent regres- 
sive  metamorphosis  which  they  undergo  during 
their  gradual  displacement  towards  the  lens 
nucleus. Moreover, the normal morphology of the 
lens  bow  area  is  of  interest  as  this  is  the  site of 
early  pathological  changes  in  most  forms  of  ex- 
perimental and human cataract  (1-3). 
Since most of the animal species in these experi- 
ments  are  the  same  as  in  a  previous  electron 
microscopic  study  on  the  lens  epithelium,  the 
results should provide information relative to the 
general  cellular organization of  the normal adult 
lens  and  enable  comparisons  to  be  made  of  dif- 
ferent areas  in the lens cortex. 
Materials and Methods 
Lenses  of  adult  rabbits  (8  lenses),  rats  (6  lenses), 
monkeys  (2  lenses),  and  of  calf  (2  lenses)  were  used. 
Calf lenses were  excised  from  enucleated  eyes at  the 
97 
abattoir  and  immediately  immersed  in  fixative.  All 
other lenses were fixed immediately after excision from 
the  eyes in  situ  of  animals anesthetized with  pento- 
barbital sodium  (30  nag. per  kg.)  administered intra- 
venously and with one cc.  of 2 per cent lidocaine in- 
jected  retrobulbarly.  Fixation  periods,  in  1  per  cent 
OsO4 buffered at pH 7.3 with veronal acetate (4), ranged 
from  30  minutes  to  3  hours.  The  lenses  were  sub- 
sequently rinsed in buffer and rapidly dehydrated in a 
graded series of ethyl alcohols. During dehydration in 
absolute alcohol, pieces from the various regions of the 
lens cortex were dissected  (Text-fig.  1).  Tissue blocks 
were  embedded  in  a  mixture  of  butyl-  and  methyl- 
methacrylates in the ratio of 9:1 to which mixture 0.25 
per  cent  of  the  catalyst  benzoyl  peroxide  had  been 
added  before prepolymerization. They were incubated 
at 65°C.  for  24 hours.  Sections were cut  on a  Servall 
Porter-Blum  microtome  with  a  vycor  brand  glass 
knife  and  were  then  transferred  to  collodion-carbon 
filmed grids. 
Some  sections  were  treated  further  with  phospho- 
tungstic acid as described by Watson (5).  Others were 
shadowed  with  a  platinum-palladium-gold  alloy  (6) 
at an angle of 7.1 ° after exposure in the microscope to a 
medium  intensity  electron  beam.  The  material  was 
examined in an RCA electron microscope, model EMU- 
3C, with standard equipment. Micrographs were taken 
at  magnifications  ranging  from  3,000  to  21,500  and 
optically  enlarged  from  3  to  5  times. 
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TExT-Fro. 1.  Schematic diagram of a meridional section through the crystalline lens. The various regions of 
the lens epithelium and its transition into cortical lens fibers are depicted. 
OBSERVATIONS 
The  types  of  cellular  components  and  their 
distribution within the lens fibers are  similar in 
all species  studied. The lens fiber is an elongated, 
prismatically shaped  cell  showing  a  hexagonal 
outline in transverse section (Figs. 1 and 2). This 
hexagonal contour  may  be  distorted  where  the 
cell  surface closely follows  the outline of  a  bow 
nucleus (Fig. 3).  Deeper in the cortex the polyg- 
onal pattern is less pronounced. 
Each  lens  fiber  is  bounded  by  a  membrane 
which  appears  as  a  continuous, dense  contour, 
approximately 60 A thick. A light space of about 
80 A separates it from the parallel membrane of 
the  adjacent  lens  fiber  or  lens  epithelial  cell. 
Where fibers border the lens capsule, the homo- 
geneous  capsular  tissue  is  contiguous  with  the 
surface  of  the  cell  membrane. Usually, the  cell 
membranes  follow  a  straight  course  but  occa- 
sionally they  become tortuous, where  cell  proc- 
esses  interdigitate. These  interdigitations occur 
most  frequently  near  the  capsule  and  the  lens 
sutures (Fig. 4). 
There  is  a  diversity of  cytoplasmic elements, 
mainly situated around the nuclei of the youngest 
fibers, in the bow region. The number and distri- 
bution of  these  cell  constituents vary according 
to  the  location of  the  fibers.  Near  the  sutures, 
however,  the  cytoplasm appears  relatively uni- 
form  throughout the anterior and posterior cor- 
tex.  A  detailed  morphologic  description  of  the 
cytoplasmic elements will  be  dealt  with  under 
the following headings. 
Nucleus.--The nuclei studied were those of the 
superficial fibers.  They  are  developed  from  the 
'epithelial cells  in the  equator  which  rotate  and 
elongate to form these fibers. During lens growth, 
new fibers displace the older nucleated elements 
toward the center of the lens and in this way the 
S-shaped nuclear bow, visible in the  meridional 
sections, is formed (Text-fig.  I). 
The nucleus is outlined by a dense double mem- 
brane and can be distinguished from the surround- 
ing cytoplasm by its greater density. The nuclear 
membrane  sometimes  shows  irregular  disconti- 
nuities which  might be induced by preparation. 
The nuclear profile is usually oval but occasionally 
appears indented (Fig. 1). 
Nucleoli  can  be  seen  as  aggregates  of  very 
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rangement (Figs. 2 and 3) ; they form thick, dense 
coils embedded in a somewhat less opaque matrix. 
They occupy a relatively large area in the nucleo- 
plasm  and  are  frequently  located  eccentrically. 
Two  distinct nucleoli (Fig. 3)  can often be seen 
within a single nucleus in both the superficial and 
deeper fibers. 
Mitochondria.--Mitochondria are present in all 
the fibers examined; they show the characteristic 
double  membranous  boundary  and  internal 
cristae. They vary in size from 0.15 to 3/z. Those 
of the size up to  1 #  are usually concentrated in 
the  youngest  fibers  (Fig.  8),  especially  in  the 
region between the nucleus and the lens capsule. 
Mitochondria  are  less  often  observed  in  those 
parts  of the  superficial fibers lying between  the 
nucleus and the suture, and in the deeper fibers; 
but  when  present,  they may attain  a  length  of 
3/z  (Fig. 7). The  mitochondria, in general, con- 
tain only a few cristae oriented mainly in the long 
axis.  The  contour  of  mitochondria  is  ovoid  or 
elongated,  although  club-shaped  or  U-shaped 
varieties are sometimes observed. 
Endoplasmic  Reticulum.--Both  rough  and 
smooth  surfaced  elements  of  the  endoplasmic 
reticulum  are  present  in  the  fibers  of  the  lens 
cortex. The  equatorial cells and  adjacent super- 
ficial fibers frequently include, as a regular cyto- 
plasmic constituent,  profiles of  the  endoplasmic 
reticulum  which  have  attached  dense  granules. 
In  this region, components  of the reticulum ap- 
pear  as  elongated profiles with  relatively large, 
light cysternae (Fig. 5). They are usually concen- 
trated in the area around the nucleus. Sometimes 
the  dense granules  are in  close association with 
the  outer  membrane  of  the  nuclear  envelope. 
Occasionally, little clusters of dense granules, un- 
related to membranes, can be observed. In those 
parts of the superficial fibers, lying between  the 
cell nucleus and  the suture,  the endoplasmic re- 
ticulum is not observed in superficial fibers. Here, 
small clusters of dense granules, dispersed in the 
cytoplasm without apparent attachment to mem- 
branes  or  other  structures,  predominate  (Fig. 
11). 
In slightly deeper layers, where  the fibers are 
longer, rough surfaced profiles of the endoplasmic 
reticulum  are  sparse  and  randomly  distributed 
in the cytoplasm as rather small vesicular struc- 
tures  (Fig. 6).  In  the  vicinity of  the  nuclei the 
aggregations of dense granules are more frequent. 
Smooth surfaced elements  of  the  endoplasmic 
reticulum are occasionally seen as aggregates of 
small, round,  oval, or elongated vesicles. In  the 
vicinity of the nuclei as well as in the periphery 
of the lens fibers, their distribution seems similar 
throughout the layers examined (Figs. 6 and  10). 
Golgi Complex.--An  aggregate of smooth, flat- 
tened  vesicles,  large  vesicles  or  vacuoles,  and 
smaller  vesicular  and  granular  elements,  em- 
bedded  in  the  cytoplasmic  matrix  of  the  lens 
fibers, constitutes a  formation usually identified 
as the Golgi complex (Fig. 10). In the outer layers 
of the lens fibers this structure  is closely associ- 
ated with the nucleus, whereas in the deeper fibers 
it becomes progressively segregated. 
Small  Cytoplasmic Particulates.--The  ground 
substance  of  all  lens  fibers  examined  contains 
diffusely  dispersed,  very  fine  cytoplasmic  ele- 
ments of low density. They appear either in the 
form of filamentous structures, about 100 A thick 
and of indefinite length, or as small, homogeneous, 
rounded  profiles  (Figs.  4,  6,  10,  and  11).  The 
diameter  of  these  round  elements  measures  ap- 
proximately  120  A.  Their  lower  density  and 
small  size  definitely distinguish  them  from  the 
dense granules which have  an  average diameter 
of  160  A.  It  is  difficult, however,  to  determine 
whether  the round profiles are merely cross-sec- 
tions of the filamentous structures  or constitute 
a  second, low density element.  Sections provide 
only a  two-dimensional picture and,  since these 
small particles show no regular pattern, cross- or 
longitudinal sections do  not  yield further  infor- 
mation. Thus, an unequivocal characterization of 
the  low  density  elements  as  filamentous  and 
spherical  particles  cannot  be  given.  In  a  few 
instances, short, chain-like units, appear to  con- 
sist of alternating globular and filamentous parts. 
Secondary  impregnation  with  phosphotungstic 
acid enhances contrast but gives no further defi- 
nition.  Also,  observations  of  sections  shadowed 
after  partial sublimation of  the  embedding me- 
dium do not reveal additional details. 
These low density elements occupy, as distinct 
constituents, the whole matrix in which all other 
cytoplasmic structures  are embedded. Together, 
with occasional small clusters of dense granules, 
they  are  the  only  resolvable  cytoplasmic com- 
ponents in the periaxial portion of the lens cortex 
(Fig. 11). 
Other Cytoplasmic Structures.--A  rather  dense 
formation was observed repeatedly in deeper lens 
fibers located below the intermediate zone of the 100  LENS  FIBERS 
epithelium. It is a  round or  ovoid agglomerate, 
with an over-all diameter ranging from 1 to 2/*. 
The  entire  structure  resembles  a  nucleus  and 
seems to be separated from the surrounding cyto- 
plasm by a still darker boundary (Fig. 9).  Occa- 
sionally, a  double membranous configuration is 
resolvable  in  this  border  zone,  but  in  most 
instances no such limiting boundary can be seen. 
The cytoplasm around these nuclei contains the 
small,  low  density  particles,  occasional  mito- 
chondria, clusters of dense granules, and smooth 
surfaced  components of  the  endoplasmic reticu- 
lum. A Golgi complex is frequently found in the 
vicinity  of  these  dense  granular  agglomerates. 
Here,  however,  the  elements  within  the  Golgi 
complex appear dissociated from one another, as 
compared with their compact aggregation in the 
more superficial lens fibers. 
COMMENTS 
Earlier attempts of electron microscope studies 
of  the  lens  (7-9)  failed  to  yield information on 
cellular organization or on such fine cytoplasmic 
structures as mitochondria which had been previ- 
ously observed in light microscope investigations 
(10-12).  This  electron  microscope  study  shows 
lens fibers as elongated, well  defined cells.  They 
are all limited by cell  membranes and are sepa- 
rated  from  each  other  by  a  light,  intercellular 
space of a constant width. No special cement sub- 
stance,  as  described  by  Schwarz  (13),  could  be 
resolved with the methods employed. Interdigita- 
tions, as in the lens epithelium, may insure the 
plasticity necessary to maintain the integrity of 
the  cells  during accommodation periods.  Micro- 
graphs of areas around the lens sutures exhibit a 
very complicated pattern of intercellular relation- 
ship which will be  subjected to  further  studies. 
On the other hand, cells in more central layers of 
the lens cortex cannot be analyzed satisfactorily 
in  view  of  the  limited  penetration  of  osmium 
tetroxide which is employed as a fixative. In sev- 
eral experiments, selected parts of  the lens were 
excised  before  fixation  to  permit  adequate  im- 
pregnation of  less  accessible areas.  These  trials 
resulted in failure because of  gross  distortion of 
the natural cytoarchitecture and loss  of well  de- 
fined cytoplasmic structures. 
The fibers contain numerous cytoplasmic con- 
stituents  which  bear  close  similarity  to  those 
previously observed in the  various zones of  the 
lens epithelium. However, the distribution of the 
individual cytoplasmic  elements  changes  grad- 
ually,  from  the  equatorial  lens  epithelium, 
through the zone of transition, into superficial and 
deeper  lens  fibers.  In  Text-fig.  2,  a  schematic 
drawing illustrates this  variance in cytoplasmic 
contents.  It  also  depicts  the  findings obtained 
from  central,  intermediate,  and  equatorial  por- 
tions of  the lens epithelium in the  adult animal 
(14).  These  differentiations in cellular organiza- 
tion, from one part of the lens to the other, may 
be  the  morphological  expression  of  biologically 
different functions in the individual lens regions. 
In the lens bow, the nuclei of the young fibers 
seem larger and exhibit less pronounced indenta- 
tions than do those in the epithelium. They often 
contain two distinct nucleoli with a rather regular 
disposition of  their fine resolvable elements. No 
such special nudeolar pattern can be seen in epi- 
thelial nucleoli. 
The rough surfaced  constituents of  the  endo- 
plasmic reticulum of  the  epithelial cell  decrease 
in  amount  from  the  central  zone  towards  the 
equator.  But in the  region where  the  epithelial 
cells  begin to show  elongation, in the process of 
transition to  lens fibers,  a  conspicuous amount 
of the endoplasmic reticulum which has granules 
attached to its membrane can be seen. It is situ- 
ated  close  to  the  nucleus and  its  cavities seem 
more  distended  than  usual.  In  slightly  deeper 
layers it is represented by small vesicular profiles 
which are less  frequently observed. With the de- 
crease  in amount of  rough surfaced  elements of 
endoplasmic reticulum, towards the  center of the 
lens, little clusters of dense granules become more 
prominent. They are randomly dispersed through- 
out the whole periphery of the  individual fibers. 
In  the  epithelium,  the  mitochondria  vary  in 
size  from 0.14  to 0.65  ~  and increase in number 
from the center  towards  the  equatorial zone.  In 
very young fibers  they attain a somewhat greater 
length (up to 1 ~)  and are present in considerable 
quantity in that portion of  the  cytoplasm which 
is in contact with lens capsule. In the part of the 
cell  distal  to  the  nucleus,  as  well  as  in  deeper 
layers,  they  become  sparse  and  may  attain  a 
maximal length of 3 #. 
Special  attention has  been given to  the  small 
cytoplasmic structures  of  low  density. The  fila- 
mentous component corresponds in morphological 
characteristics to a similar element which has been 
described  in  the  epithelial cells,  where  it  occurs 
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T~xT-FIG.  2.  Cytoplasmic organization of lens epithelium and  of the cortical lens fibers  in a  schematic sum- 
mary. 
The size,  number,  and arrangement  of the individual cytoplasmic constituents  are represented as they occur 
in the investigated zones of the lens. 
(I, lens epithelium, central part; II, lens epithelium, intermediate zone; HI, lens epithelium, equatorial  area; 
IV,  lens fiber,  youngest superficial  layer;  V, lens fiber in deeper cortical region.  The  stippled  area  indicates the 
inner part of the lens capsule). 
that  these  elongated  structures  were  outlined  by 
a  membrane. This appearance might be attributed 
either  to  fixation of  solely the  outer  layers  of  a 
solid  element  or  to  juxtaposition  of  individual 
filaments.  The  elements  of  low  density  are  pre- 
ponderant  over large areas  in  the  lens fiber cyto- 
plasm.  Their  occurrence  in  large  amounts,  in  the 
cells  elongating  to  lens  fibers,  coincides  with  a 
considerable increase, in these same cells, of rough 
surfaced profiles of the endoplasmic reticulum. 
The  problem,  whether  a  second  spherical  low 
density  component is  present,  is difficult to  solve 
with  the  employed  technique.  The  round  profiles 
might  only  represent  cross-sectioned  filaments; 
the chain-like configurations,  sometimes observed, 
could be  caused  by  intersection of filaments.  The 
diameters  of  filamentous  and  round  profiles  are 
rather close in magnitude, a fact which also makes 
it  difficult  to  distinguish  one  from  the  other.  In 
order to obtain more information on the nature of 
this  low  density  material,  an  integrated  morpho- 
logical  and  biochemical  identification  has  been 
attempted;  these  results  will  be  dealt  with  else- 
where.  They  indicate  that  the soluble proteins  o[ 
lens fibers are components  of these structures. 
No  changes  in  appearance  of  either  smooth 
surfaced  profiles of  the  endoplasmic  reticulum  or 
the  Golgi  complex are  observed  in  the  examined 
parts  of the lens. In  deeper  layers  of  the  cortex, 
however,  components  identified  as  parts  of  the 
Golgi complex are seen somewhat dissociated from 
one another. 
The  1  to 2  #  wide,  oblong inclusions, occurring 
in  more  centrally  located  fibers,  consist  of  dense 
material  similar  to  that  found  in  normal  nuclei. 
The  occasional  presence  of  a  membranous 
boundary,  together  with  the  spatial  relationship 
to  Golgi elements,  suggests  that  these  formations 
constitute remnants or fragments of disintegrating 
nuclei in older lens fibers. 
We  are indebted  to  Dr.  Ludwig  yon  Sallmann  for 
constructive help with  work  and  manuscript,  to  Mr. 
F.  H.  Meiller for processing the photographic  prints, 
to Mr. K. Weaver for technical assistance,  and  to Mr. 
H. Bartner, Medical Arts Section, Division of Research 
Services,  who provided Text-figs. I and 2. 
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EXPLANATION OF  PLATES 
PLATE 58 
FIC. 1.  Rat  lens  fibers,  equatorial  zone.  This micrograph shows  the outline  of superficial lens fibers  (lf)  in 
cross-section,  with the characteristic hexagonal arrangement  of the cell membranes  (cm). Parts of two bow nu- 
clei  (n),  one with a  nucleolus (nu),  extend across almost the entire breadth  of the cell.  A few formed elements 
as mitochondria (m)  and  dense  granules  (g)  are dispersed in a  uniformly appearing  matrix of low opacity. (Ap- 
proximately X  10,000). 
FIG. 2.  Rat lens fibers,  zone of the bow nuclei.  A cross-sectioned  cell contains part of a  nucleus  (n)  with nu- 
cleolus (nu). The nucleolus appears as a deposit of dense material (gr) embedded in the somewhat less opaque nucleo- 
plasm. The nuclear envelope (nm), a cross-sectioned  mitochondrion (m), and cell membranes (cm), are designated. 
(Approximately X  63,000). THE  JOURNAL  OF 
BIOPHYSICAL  AND  BIOCHEMICAL 
CYTOLOGY 
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Fro. 3.  Rabbit lens fibers, nuclear bow region. In deeper layers of the lens cortex cell boundaries  (cm)  are ir- 
regular and sometimes closely follow the outline of a  nucleus  (cm~). Frequently,  two nucleoli (nu)  are  observed 
within one nucleus  (n).  Mitochondria  (m)  and little aggregates of dense granules  (g)  are indicated in  the cyto- 
plasm.  (Approximately X  15,000). 
Fro. 4.  Rabbit lens fibers, superficial cortex. Occasionally, the cell membranes (cm)  assume a  tortuous course, 
which results in a  complicated pattern of longitudinally  (int)  and cross-sectioned (int'), interdigitating cell proc- 
esses. Clusters of dense granules are marked at  g. Elements of low density are dispersed through the cytoplasm. 
(Approximately X  37,000). THE  JOURNAL OF 
BIOPHYSICAL AND  BIOCHEMICAL 
CYTOLOGY 
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FIG. 5.  Rat  lens fiber,  most  superficial layers of the equatorial  region.  The  endoplasmic reticulum  (err)  with 
dense granules disposed along its memhrane is seen frequently in the cytoplasm of the youngest lens fibers and, 
as in this case, sometimes displays a  distended lumen.  Part of a  nucleus (n), mitochondria  (m), and smooth sur- 
faced vesicles (ers)  are indicated.  (Approximately X  43,000). 
FIG. 6.  Rabbit lens fibers, zone of the nuclear bow. In deeper cortical layers, the cytoplasm contains a few small 
profiles of the endoplasmic reticulum  (er).  More often, dense granules (g) are aggregated without apparent attach- 
ment to membranes. Other cellular constituents seen are elements of low density (ld),  part of a  nucleus  (n), and 
cell membranes (cm).  (Approximately X  43,000). THE  JOURNAL  OF 
BIOPHYSICAL  AND  BIOCHEMICAL 
CYTOLOGY 
PI.ATE  60 
VOL.  6 
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FI6.  7.  Rabbit  lens fibers,  deeper  cortical  layers of  the  equatorial  zone.  Mitochondria  here  and  in  the peri- 
axial  regions of the lens are  few in number,  but may attain a  maximal length of 3  #.  This micrograph depicts 
one such mitochondrion  (m),  which contains a  few internal  cristae orientated  in the long axis.  Cell  membranes 
(cm),  interdigitating  cell  processes (int),  dense granules  (g),  and low  density  elements (Id)  are  also  seen.  (Ap- 
proximately X  43,000). 
Fl~. 8.  Rabbit lens fibers, equatorial cortex. Mitochondria  (m) are seen more frequently in the youngest fibers, 
adjacent  to  the lens capsule. Their length varies between 0.5 and 1.0 #  and they usually are limited to  the area 
between fiber nucleus and lens capsule.  (Approximately)<  37,500). 
FIG.  9.  Rat  lens fibers, deep cortical  layers. In a  region below  the intermediate zone of the lens epithelium, a 
rather dense formation is observed in lens fibers. It appears as an agglomerate of dense granular material,  and is 
outlined in some areas by a  more opaque zone in which membranous formation  (m)  can be resolved for a  short 
distance.  It is interpreted  as a  disintegrating nucleus. The lower  left part  of the structure is less dense with  an 
indistinct boundary. Cell membranes (cm)  are marked in the upper left corner.  (Approximately X  32,500). THE  JOURNAL OF 
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FIG. 10.  Rabbit lens  fibers,  equatorial  area.  Profiles of vacuoles and  elongated  vesicles  together with  round 
particles of varying densities form aggregates similar to a  Golgi complex  (go)  in the vicinity of the bow nuclei. 
Low density  (ld)  elements are abundant in the cytoplasm.  Small vesicles (els)  and clusters of dense granules (g) 
are diffusely dispersed in the matrix.  (Approximately  X  43,000). 
Fro.  I1.  Rat  lens  fiber,  periaxial  region of  the posterior cortex.  Elements of  low  density  (Id)  together with 
occasional aggregates of dense granules (g), comprise the only resolvable cytoplasmic constituents in most parts 
of the lens cortex.  (Approximately X  86,000). THE  JOURNAL  OF 
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